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Summary
Background: The disadvantageous effect of kidney dysfunction on left ventricular
(LV) diastolic function is still unknown.
Methods: Forty non-chronic kidney disease (CKD) patients and 202 CKD patients,
aged 40—89, were examined by standard echocardiography and the new modality of
tissue Doppler imaging. All subjects were divided into 5 groups depending on their
estimated glomerular ﬁltration rate (GFR: ml/min/BSA). Classiﬁcations by GFR were
deﬁned as follows: group 1 (more than 90: normal subjects), group 2 (60—89), group
3 (30—59), group 4 (15—29) and group 5 (less than 15).
Results: There were no signiﬁcant differences in LV systolic function among the
groups. Mitral E velocity was signiﬁcantly lower in groups 1—4 (p < 0.01—0.02) com-
pared with group 5. Mitral A velocity was higher in groups 2—5 (p < 0.01—0.04)
compared with group 1. The ratio of mitral E and A velocities (E/A) was signiﬁcantly
higher in group 1 (p < 0.02—0.05) compared with groups 2—5. Deceleration time was
signiﬁcantly shorter in groups 1 and 2 (p < 0.01—0.02) compared with groups 4 and
5. Furthermore, it was signiﬁcantly lower in group 5 (p < 0.01) compared with group
4. Early diastole velocity of mitral annulus (Ea) by tissue Doppler was also higher
in group 1 (9.1± 2.5; p < 0.01—0.04) compared with group 2 (7.9± 1.7), group 3
(7.9± 1.6), group 4 (7.5± 2.1), and group 5 (7.6± 2.0). Severity of the kidney dys-
function appears to parallel with the rise of E/Ea signiﬁcantly (p < 0.02). A, E/A and
Ea could differentiate between groups 1 and 2 with early stage of CKD.
Conclusions: These data suggest that LV diastolic dysfunction was observed even in
patients with early stages of chronic kidney dysfunction. Doppler indices combined
with conventional and tissue Doppler methods could detect the subtle changes of
diastolic function due to kidney dysfunction.
© 2009 Japanese College of Cardiology. Published by Elsevier Ireland Ltd. All rights
reserved.
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Introduction
Renal dysfunction is closely related to progno-
sis of cardiovascular disease (CVD) and conversely
CVD patients often develop acute renal failure:
this association is referred to as the cardiore-
nal connection. Chronic renal dysfunction has a
negative effect on cardiac function and chronic
kidney disease (CKD) is an important predictor
of adverse outcome and increased morbidity in
patients with chronic heart failure (CHF) [1—4]. A
stage classiﬁcation for CKD has been proposed for
assessing the degree of severity of renal dysfunc-
tion, and recent evidence indicates that amoderate
decrease in glomerular ﬁltration rate (GFR) to
<60ml/min/1.73m2 of body surface area is associ-
ated with an adverse outcome in CHF patients [1,3].
Tissue Doppler imaging (TDI) is a new tool for
assessment of left ventricular systolic and diastolic
function in various cardiac diseases. Diastolic dys-
function is frequently observed in CHF patients with
or without CKD [5] and TDI has improved assess-
ment of this condition [6]. Left ventricular diastolic
dysfunction affects morbidity and mortality in CHF
patients with CKD, and echocardiography and tissue
Doppler analysis may provide additional diagnos-
tic data on ventricular function [7]. Therefore, the
purpose of this study was to evaluate left ventric-
ular diastolic dysfunction in patients with various
stages of CKD using conventional echocardiography
and TDI.
Methods
Study population
Forty non-CKD patients and 202 CKD patients aged
40—89 were examined by standard echocardiogra-
phy and TDI. Patients with atrial ﬁbrillation, sys-
tolic left ventricular dysfunction, CHF, myocardial
infarction, cardiomyopathy, or valvular disorders
were excluded from the study. Systolic left ventric-
ular dysfunction is deﬁned as ejection fraction less
than 50%.
Demographic and clinical data
Records were reviewed for collection of data for
age, gender, blood pressure (BP), hemoglobin (Hb),
serum creatinine (Cr), and blood urea nitrogen
(BUN). Patients were considered to be hypertensive
based on European Society of Hypertension guide-
lines (≥140/90mmHg) [8] or if they were taking
antihypertensive medication (Table 1).
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KD and estimated GFR
he subjects were divided into 5 groups based
n estimated (e)GFR: group 1 (>90), group 2
60—89), group 3 (30—59), group 4 (15—29), group
(<15). Patients in group 2 were deﬁned as hav-
ng early stage CKD based on the US National
idney Foundation Kidney Disease Outcome Qual-
ty Initiative [9], and those in groups 3—5 were
onsidered to have CKD. Ninety-six patients in
roup 5 were on dialysis. The eGFR was calculated
sing the abbreviated Modiﬁcation of Diet in Renal
isease Study Equation: eGFR (ml/min/1.73m2
f body surface area) = 186× (serum creatinine
n mg/dl)−1.154 × (age in years)−0.203 × 0.742 for
emale subjects [10].
chocardiography
chocardiography was performed using a cardiac
ltrasound unit (HDI 5000, Phillips, Bothell, WA,
SA; Power Vision-8000, Toshiba, Tokyo, Japan)
ith a 2—3.5MHz transducer. TDI was performed in
ll patients with images taken based on the guide-
ines of the American Society of Echocardiography
11]. Left ventricular end-diastolic, systolic dimen-
ions, end-diastolic, and systolic wall thickness of
he interventricular septum and left ventricular
all were determined using standard echocar-
iographic 2-D and M-mode measurements. Both
ractional shortening and left ventricular mass
ere calculated from the M-mode echocardiogram
Table 2). Mitral inﬂow velocity was traced and the
ollowing variables were derived: peak early (E)
nd late (A) transmitral ﬂow velocities, the ratio of
arly to late peak velocities (E/A), and deceleration
ime of E velocity [12—14]. The echocardiographies
f the patient on dialysis were performed before
ialysis.
issue Doppler imaging
6-mm sample volume at the lateral corner of
he mitral annulus was used for the apical-four
hamber view. Annular velocities were displayed in
pectral pulsed-wave TDI. The early peak diastolic
nnular velocity (Ea) was determined from the TDI
ecordings and the mitral E/Ea ratio was calculated
6,15—17].tatistical analysis
ne-way analysis of variance (ANOVA) was used to
ompare continuous variables and a 2 test was
sed for categorical variables. Data are expressed
Left ventricular diastolic dysfunction in the early stage of chronic kidney disease 201
Table 1 Patients’ characteristics.
Item G1 (n = 40) G2 (n = 31) G3 (n = 28) G4 (n = 20) G5 (n = 123) p-Value
Age 70.8± 9.4 73.2± 8.2 74.0± 11.1 70.6± 13.1 68.9± 9.9 0.08
Female (%) 16 (40) 11 (35) 13 (46) 12 (60) 45 (37) 0.32
SBP 153± 17 151± 17 155± 16 148± 11 150± 17 0.45
DBP 92± 9 92± 7 90± 9 87± 8 87± 9 0.002
HT (%) 31 (78) 24 (83) 25 (93) 16 (80) 95 (77) 0.66
DM (%) 10 (25) 11 (35) 11 (41) 8 (40) 60 (49) 0.09
Hb (g/dl) 13.1± 2.0 13.1± 1.8 11.2± 2.0 10.3± 1.5 10.2± 1.9 <0.0001
Ht (%) 38.6± 5.9 38.5± 5.4 33.3± 6.0 30.9± 4.8 30.5± 6.5 <0.0001
BUN (mg/dl) 14.2± 3.2 18.7± 3.8 26.4± 6.1 39.3± 16.8 60.7± 26.4 <0.0001
Cr (mg/dl) 0.7± 0.1 0.9± 0.2 1.4± 0.3 2.7± 0.9 7.7± 2.5 <0.0001
SBP, Systolic blood pressure; DBP, diastolic blood pressure; HT, hypertension; DM, diabetes mellitus; Hb, hemoglobin; Ht, hemat-
ocrit; BUN, blood urea nitrogen; Cr, creatinine; G1—G5, groups 1—5.
Table 2 Conventional echocardiography parameters in the ﬁve groups of patients.
Item G1 G2 G3 G4 G5 p-Value
IVST 9.1 ± 1.5 10.3 ± 1.5 10.3 ± 1.5 10.7 ± 2.4 11.4 ± 2.2 <0.0001
PWT 9.3 ± 1.2 9.9 ± 1.5 10.1 ± 1.5 10.9 ± 2.1 11.3 ± 1.7 <0.0001
LVDd 46.4 ± 5.0 47.5 ± 5.4 46.0 ± 4.7 45.2 ± 7.2 48.2 ± 5.3 0.06
LVDs 29.1 ± 4.4 30.1 ± 5.9 29.4 ± 4.8 28.4 ± 5.9 30.5 ± 4.8 0.29
FS 37.3 ± 6.5 37.1 ± 7.7 36.4 ± 7.0 37.4 ± 6.3 36.8 ± 6.8 0.97
LAD 36.7 ± 6.3 40.3 ± 3.9 40.4 ± 6.1 42.4 ± 6.4 42.4 ± 6.1 <0.0001
4 ± 4
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nLV mass 146.7 ± 33.4 165.1 ± 36.9 166.
IVST, Interventricular septum thickness; PWT, posterior wall t
tricular systolic diameter; FS, fractional shortening; LAD, left
s means± SD. A value of p < 0.05 was considered
o indicate statistical signiﬁcance.
esults
he subjects were classiﬁed into ﬁve groups based
n eGFR. There was no signiﬁcant difference in
ge, gender, diabetes mellitus, systolic BP, or fre-
uency of hypertensive patients among the ﬁve
roups (Table 1). Serum hematocrit (Ht), Hb, BUN,
nd Cr increased in parallel with the severity of
idney dysfunction. Diastolic BP was signiﬁcantly
igher in groups 1 and 2 (p < 0.01—0.04) compared
ith groups 4 and 5. There was no signiﬁcant differ-
nce in fractional shortening (FS), left ventricular
iastolic diameter (LVDd), and left ventricular sys-
olic diameter (LVDs) among the groups (Table 2).
eft atrium diameter (LAD), interventricular sep-
um thickness (IVST), and posterior wall thickness
PWT) increased in parallel with the severity of
idney dysfunction (Table 2). Mitral E velocity was
igniﬁcantly lower in groups 1—4 (p < 0.01—0.02)
ompared with group 5 (Fig. 1A), and mitral A
elocity was higher in groups 2—5 (p < 0.01—0.04)
ompared with group 1 (Fig. 1B). The ratio of the
itral E and A velocities (E/A) was signiﬁcantly
f
l
I
c
o3.6 178.0 ± 71.8 209.1 ± 62.5 <0.0001
ess; LVDd, left ventricular diastolic diameter; LVDs, left ven-
m diameter; G1—G5, groups 1—5.
igher in group 1 (p < 0.02—0.05) compared with
roups 2—and 5 (Fig. 2A). Deceleration timewas sig-
iﬁcantly shorter in groups 1 and 2 (p < 0.01—0.02)
ompared with groups 4 and 5. Furthermore, it was
igniﬁcantly shorter in group 5 (p < 0.01) compared
ith group 4 (Fig. 2B). Ea determined by TDI was
lso higher in group 1 (p < 0.01—0.04) compared
ith groups 2—5 (Fig. 3A). The severity of kidney
ysfunction increased signiﬁcantly in parallel with
he rise of E/Ea (p < 0.02) (Fig. 3B) and the values of
, E/A, and Ea differed signiﬁcantly between group
(patients with non-CKD) and group 2 (patients
ith early stage CKD).
iscussion
iastolic dysfunction is an abnormality of relax-
tion, ﬁlling, or distensibility of the left ventricle
hat is associated with augmented cardiovascular
ortality [18—20]. Transmitral pulsed Doppler is a
on-invasive method of evaluation of diastolic dys-
unction, but is inﬂuenced by factors such as the
oading condition of the left atria and heart rate.
n contrast, TDI can be used to measure mechani-
al wall function directly by calculating the velocity
f myocardial longitudinal movement and to mon-
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Fig. 1 (A) Mitral E velocity in the ﬁve groups of patients. The mitral E velocity was signiﬁcantly lower in groups 1—4
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g(p < 0.02—0.02) compared with group 5. (B) Mitral A velo
signiﬁcantly lower in groups 1—4 (p < 0.01—0.04) compar
late diastolic mitral velocity; G1—G5, groups 1—5.
itor diastolic function of the myocardium more
effectively [21]. In the present study, the mitral
A velocity was signiﬁcantly lower and the ratio of
the mitral E and A velocities (E/A) was signiﬁcantly
higher in non-CKD patients compared with patients
with CKD. Ea was also higher in non-CKD subjects.
These results show that left ventricular diastolic
dysfunction is present in all patients with CKD,
including those with an early stage of the disease.
These results indicate that Doppler indices com-
bined with conventional and TDI can detect subtle
changes of diastolic function caused by kidney dys-
function.
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Fig. 2 (A) E/A ratio in the ﬁve groups of patients. The ratio of
in group 1 (p < 0.02—0.05) compared with groups 2—5. E/A incr
except for group 5. (B) Deceleration time (Dec) in the ﬁve gr
1 and 2 (p < 0.01—0.02) compared with groups 4 and 5. Furth
compared with group 4. G1—G5, groups 1—5.in the ﬁve groups of patients. The mitral A velocity was
ith group 5. E, Early diastolic mitral inﬂow velocity; A,
We also found that E/A increased in parallel
ith the severity of kidney dysfunction, except
or patients with very advanced CKD (group 5).
/A was higher in group 5 compared with group
, although the difference was not signiﬁcant, and
was signiﬁcantly lower in groups 1, 2, 3, and 4
ompared with group 5. Deceleration time was sig-
iﬁcantly shorter in groups 1 and 2 compared with
roups 4 and 5. Furthermore, it was signiﬁcantly
ower in group 5 compared with group 4. E/Ea also
ppeared to increase in parallel with the severity
f kidney dysfunction. These results suggest that
he left ventricle ﬁlling pressure may be higher in
the mitral E and A velocity (E/A) was signiﬁcantly higher
eased in parallel with the severity of kidney dysfunction,
oups of patients. Dec was signiﬁcantly shorter in groups
ermore, it was signiﬁcantly lower in group 5 (p < 0.01)
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Fig. 3 (A) Early diastole velocity of the mitral annulus (Ea) in the ﬁve groups of patients. Ea measured by tissue
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Roppler imaging was signiﬁcantly higher in group 1 (p < 0
roups of patients. E/Ea increased signiﬁcantly in paralle
roups 1—5.
roup 5 than groups 1, 2, or 3. However, there is
possibility that it is affected by intrinsic volume
verload in hemodialysis patients. Even a moder-
te decline in kidney function is associated with a
igniﬁcantly worse prognosis in patients with under-
ying CHF [1,3,22], but only a few clinical studies
ave attempted to elucidate the underlying mech-
nisms. Diminished renal perfusion is frequently a
onsequence of hemodynamic changes associated
ith heart failure and its treatment [23]. In addition
o the adverse affects of heart failure on renal func-
ion, renal insufﬁciency adversely affects cardiac
unction, producing a vicious circle in which renal
nsufﬁciency impairs cardiac performance, which
hen leads to further impairment of renal func-
ion. As a result, kidney insufﬁciency is a major
eterminant of the progression of heart failure,
ongestion, recurrent decompensation, and hospi-
alization. The etiology of heart failure in patients
s complex and several factors may be at work in
KD patients [3,24—26].
imitations
e used conventional and TDI methods to assess the
eft ventricular diastolic function in CKD patients.
owever, the study also has several limitations.
he number of patients was not the same in each
roup and the duration of renal dysfunction, hyper-
ension, and diabetes was unknown in each group.
econdly, we performed measurements of Ea only
n the lateral wall. Thirdly, we did not examine pul-
onary vein ﬂow velocity. Therefore, we analyzed
he parameters of left ventricular diastolic function0.04) compared with groups 2—5. (B) E/Ea ratio in the 5
th the severity of kidney dysfunction (p < 0.02). G1—G5,
y routine echocardiographic examination. These
actors may have affected the statistical analysis.
onclusion
lthough our study has some limitations, we con-
lude that left ventricular diastolic dysfunction
ccurs in patients in the early stage of CKD and
hat Doppler indices combined with conventional
nd TDI can be used to detect subtle changes of
iastolic function due to kidney dysfunction.
onﬂict of interest
one of the authors have any relationships with
ompanies or other ﬁnancial conﬂicts of interest
ssociated with the work in the manuscript.
eferences
[1] Khan NA, Ma I, Thompson CR, Humphries K, Salem DN,
Sarnak MJ, Levin A. Kidney function and mortality among
patients with left ventricular systolic function. J Am Soc
Nephrol 2006;17:244—53.
[2] McAlister FA, Ezkowitz J, Tonelli M, Armstrong PW. Renal
insufﬁciency and heart failure: prognostic and therapeutic
implications from a prospective cohort study. Circulation
2004;109:1004—9.[3] Dries DL, Exner DV, Domanski MJ, Greenberg B, Steven-
son LW. The prognostic implications of renal insufﬁciency
in asymptomatic and symptomatic patients with left ven-
tricular systolic dysfunction. J Am Coll Cardiol 2000;35:
681—9.
[[
[
[
[
[
[
[
[
[
[204
[4] Hillege HL, Girbes AR, de Kam PJ, Boomsma F, de
Zeeuw D, Charlesworth A, Hampton JR, van Veldhuisen
DJ. Renal function, neurohormonal activation, and sur-
vival in patients with chronic heart failure. Circulation
2000;102:203—10.
[5] Nishimura RA, Tajik AJ. Evaluation diastolic ﬁlling of left
ventricle in health and disease: Doppler echocardiogra-
phy is the clinician’s Rosetta Stone. J Am Coll Cardiol
1997;30:8—18.
[6] Nagueh SF, Middleton KJ, Kopelen HA, Zoghbi WA, Quin˜ones
MA. Doppler tissue imaging a noninvasive technique for
evaluation of the left ventricular relaxation and estimation
of ﬁlling pressures. J Am Coll Cardiol 1997;30:1527—33.
[7] Bruch C, Rothenburger M, Gotzmann M, Wichter T, Scheld
HH, Breithardt G, Gradaus R. Chronic kidney disease in
patients with chronic heart failure: impact on intracardiac
conduction, diastolic function and prognosis. Int J Cardiol
2007;118:375—80.
[8] European Society of Hypertension-European Society of Car-
diology Guidelines Committee. 2003 European Society of
Hypertension-European Society of Cardiology guidelines for
the management of arterial hypertension. J Hypertens
2003;21:1011—53.
[9] National Kidney Foundation. K/DOQI Clinical practice
guidelines for chronic kidney disease: evaluation, classiﬁ-
cation, and stratiﬁcation. Am J Kidney Dis 2002;2(Suppl. 1):
S46—7.
[10] Levey AS, Bosch JP, Lewis JP, Greene T, Rogers N, Roth D.
A more accurate method to estimate glomerular ﬁltration
rate from serum creatinine: a new prediction equation.
Modiﬁcation of Diet in Renal Disease Study Group. Ann
Intern Med 1999;130:461—70.
[11] Schiller NB, Shah PM, Crawford M, DeMaria A, Devereux R,
Feigenbaum H, Gutgesell H, Reichek N, Sahn D, Schnittger I.
Recommendations for quantitation of the left ventricular by
the two-dimensional echocardiography. American Society
of Echocardiography committee on Standards, subcommit-
tee on quantitation of two-dimensional echocardiograms. J
Am Soc Echocardiogr 1989;2:358—67.
[12] Labovitz AJ, Pearson AC. Evaluation of left ventricular
diastolic function: clinical relevance and recent Doppler
echocardiographic insight. Am Heart J 1987;114:836—51.
[13] Appleton CP, Hantle L, Popp RL. Relation of transmitral ﬂow
velocity patterns to left ventricular diastolic function. J Am
Coll Cardiol 1988;12:426—40.[14] Pappas KD, Gouva CD, Katopodis KP, Nikolopoulos PM,
Korantzopoulos PG, Michalis LM, goudevenos JA, Siamopou-
los KC. Correction of anemia with erythropoietin in chronic
kidney disease (stage 3 or 4): effect on cardiac perfor-
mance. Cardiovasc Drugs Ther 2008;22:37—44.
[
Available online at www.sT. Otsuka et al.
15] Waggoner AD, Bierig SM. Tissue Doppler imaging: a useful
echocardiographic method for the cardiac sonographer to
assess systolic and diastolic ventricular function. J Am Soc
Echocardiogr 2001;14:1143—52.
16] Garcia MJ, Thomas JD, Klein AL. New Doppler echocardio-
graphic applications for the study of diastolic function. J
Am Coll Cardiol 1998;32:865—75.
17] Ommen SR, Nishimura RA. A clinical approach to the assess-
ment of left ventricular diastolic function by the Doppler
echocardiography: update 2003. Heart 2003;89(Suppl.
3):iii18—23.
18] Oguzhan A, Arinc H, Abaci A, Topsakal R, Kemal Eryol N,
Ozdog˘ru I, Basar E, Ergin A. Preload dependence of Doppler
tissue imaging derived index of left ventricular diastolic
function. Echocardiography 2005;22:320—5.
19] Zile MR, Bruteaer DI. New concepts in diastolic dysfunc-
tion and diastolic heart failure. Circulation 2002;105:1387—
93.
20] de Almeida EAF, de Oliveria EL, Lopes JA, Almeida AG,
Lopes MG, Prata MM. Diastolic function in several stage of
chronic kidney disease in patients with autosomal dominant
polycystic kidney disease: a tissue Doppler imaging study.
Kidney Blood Press Res 2007;30:234—9.
21] Gulel O, Soylu K, Yuksel S, Karaoglanoglu M, Cengiz K, Dilek
M, Hamiseyev C, Kale A, Arik N. Evidence of left ventricular
systolic and diastolic dysfunction by colour tissue imag-
ing despite normal ejection fraction in patients on chronic
hemodialysis program. Echocardiography 2008;25:569—
74.
22] Lim Y-J, Yamamoto K, Ichikawa M, Iwata A, Hayashi T,
Nakata T, Masuyama T, Mishima M. Elevation of the ratio
of transmitral E velocity to early diastolic mitral annu-
lar velocity continues even after recovery from acute
stage in patients with diastolic heart failure. J Cardiol
2008;52:254—60.
23] Fonarow GC, Heywood JT. The confounding issue of comor-
bid renal insufﬁciency. Am J Med 2006;119:S17—25.
24] Krumholz HM, Chen YT, Wang Y, Vaccarino V, Radford
MJ, Horwitz RI. Predictors of readmission among elderly
survivors of admission with heart failure. Am Heart J
2000;139:72—7.
25] Akhter MW, Aronson D, Bitar F, Khan S, Singh H, Singh RP,
Burger AJ, Elkayam U. Effect of elevated admission serum
creatinine and its worsening on outcome in hospitalized
patients with decompensated heart failure. Am J Cardiol
2004;94:957—60.
26] Ishida Y, Meisner JS, Tsujioka K, Gallo JI, Yoran C, Frater RW,
Yellin EL. Left ventricular ﬁlling dynamics: inﬂuence of left
ventricular relaxation and left atrial pressure. Circulation
1986;74:187—96.
ciencedirect.com
